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Initial validation and correlations with related concepts
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Safety is the number one priority in Aviation and it has long been recognized that a Safety
Management System (SMS) cannot be effective without an appropriate safety culture. The
Civil Air Navigation Service Organisation (CANSO, 2009) in line with international regulatory
requirements has defined safety culture as the ‘enabler that integrates the various SMS
elements into a coherent system.’ This paper reports findings and recommendations following
a pilot implementation of a ‘ready-to-go’ safety culture survey developed by CANSO at a local
Air Navigation Service Provider. In addition correlations with related concepts such as
resilience, organisational citizenship behavior as well as recovery and stress are investigated.
The results will be used to develop a shorter and improved version of the survey including
related concepts.

Safety culture as enabler for the integration of safety management system elements
Safety is the number one priority in aviation and stakes are high compared to other industries. The
introduction of the ‘Single European Sky’ (SES) is an ambitious initiative, launched by the European
Commission in 1999, to reform the architecture of European Air Traffic Management (ATM) to meet future
capacity and safety needs. The European Organisation for the Safety of Air Navigation (EUROCONTROL)
expects that today’s traffic will have doubled by 2020. Current systems, with ongoing improvements, should be
able to handle this increased load until the middle of the next decade. After that, more radical measures are
called for in order to avoid serious congestion.
The International Civil Aviation Organization (ICAO) has mandated the implementation of a safety
management system (SMS) as an organized approach to managing safety, including the necessary organisational
structures, accountabilities, policies and procedures. However, a formal SMS alone is not enough to ensure
safety as number one priority in light of the new requirements and challenges the aviation industry is facing.
Effective safety management requires a genuine commitment to safety on the part of everyone in the
organisation. This implies that organisations are not exempted from cultural considerations and that the success
of a SMS is completely dependent on the development of a positive and proactive safety culture in the Air
Navigation Service Provider (ANSP) organisation. The Civil Air Navigation Service Organisation (CANSO,
2009) defines safety culture as ‘enduring value, priority and commitment placed on safety by every individual
and every group at every level of the organisation. Safety culture therefore reflects the individual, group and
organisational attitudes, norms and behaviors related to the safe provision of air navigation services.’ National
and international regulators like the European Aviation Safety Agency (EASA) also support this ICAO mandate
by looking into the development and assessment of safety culture within an organisation. CANSO has
developed a new SMS Standard of Excellence placing safety culture as key enabler that integrates the various
SMS elements into a coherent system.
Assessing safety culture
CANSO has formed a Safety Culture Working Group that is dedicated to helping CANSO members
with developing and measuring safety culture in their organisations as fundamental basis for implementing their
SMS. CANSO emphasizes a phased step-by-step implementation of SMS from an initiating level to one of
continuous improvement. The achievement of the highest level of SMS is a long-term process focusing on
developing predictive measures to foster a proactive approach to safety management rather than waiting for the
system to ‘fail’ in order to identify weaknesses and take remedial actions.

Safety culture research has identified many different models and dimensions underlying safety culture.
One of the most common approaches is based on the five component model by James Reason (1997) which
includes ‘just’, ’reporting’, ‘learning’, ‘informed’ and ‘flexible’ cultures. A review of the existing literature on
the subject of safety culture showed that, although there is some consensus on the subject, definition and
characteristics often do not correspond with each other depending on the author and the field of application
(Wiegmann et al. 2002; Montijn et al. 2009). Mearns et al. (1999, p.1) explored the concepts of safety culture
and safety climate in an attempt to determine which is the more useful for describing an organisation's ‘state of
safety’. They argue that, ‘although the two terms are often interchangeable, they are actually distinct but related
concepts and should be treated accordingly. ‘Safety climate’ best describes employees' perceptions, attitudes,
and beliefs about risk and safety, typically measured by questionnaire surveys and providing a ‘snapshot’ of the
current state of safety. ‘Safety culture’ is a more complex and enduring trait reflecting fundamental values,
norms, assumptions and expectations, which to some extent reside in societal culture.' Therefore most research
refers to assessing ‘safety culture’ as ‘cultural’ elements can be seen through safety management practices
which are reflected in the safety climate. For the purpose of this paper the term ‘safety culture survey’ will be
used when talking about assessing safety climate in an organization. In 2004 EUROCONTROL started a
scientific study of safety culture in ATM resulting in a Safety Culture Measurement Toolkit assessing safety
based upon five main elements ‘Safety Management Commitment’, ‘Trust in Organisation Safety Competence’,
‘Involvement in Safety’, ‘ATCO Safety Competence’ and a ‘Just, Reporting and Learning Culture’ outlining 18
sub-categories (Mearns et al., 2009).
Based on the available research the CANSO Safety Culture Working Group developed a safety culture
model founded on the following eight components (as shown in Table 1).
Table 1
CANSO Safety Culture components (CANSO, 2009).
1.
2.
3.
4.

Informed Culture
Reporting Culture
Just Culture
Learning Culture

5.
6.
7.
8.

Flexible Culture
Attitudes towards Safety
Safety-related Behavior
Risk Perception

The first five components are equivalent to Reason’s (1997) five elements. The sixth component
‘Attitudes towards Safety’ is following the EUROCONTROL component ‘Safety Management Commitment’.
The seventh component ‘Safety-Related Behavior’ has been included based on the assumption that there is a
linkage between shared organisational beliefs and safety behaviors. The indication is that if safety beliefs are
poor this will be reflected in poor human performance. Finally ‘Risk Perception’ was chosen according to
findings from Mearns and Flin (1995, p. 1) demonstrating that ‘subjective perceptions of risk form the basis for
risk acceptance (…) and as such are important for understanding feelings of safety, attitudes to safety, risktaking behavior and accident involvement amongst the workforce.’ For detailed meanings and descriptions of
the eight safety culture components the interested reader is referred to the CANSO website
(http://www.canso.org/safety/documents).
In a second step the CANSO Safety Culture Working Group chose a total of 40 questions from the
CANSO safety culture database for their ‘ready-to-go’ survey. The database consists of 777 questions obtained
from various organisations such as ANSPs, airlines and universities. All questions and statements that were
incorporated in the database have been applied in safety culture surveys in those organisations previously.
Finally the 40 questions were assigned to one of the eight underlying safety culture components based on a
content analysis. These 40 questions then formed the ‘ready-to-go’ survey proposed by CANSO.
Safety Culture and related concepts
Over the past decades research has primarily focused on validating safety climate as a robust leading
indicator or predictor of safety outcomes across industries and countries and only little effort has been placed on
relationships with other established constructs (Zohar, 2010). Whereas there has been some significant progress
in this direction over the last 30 years such as ‘leadership as a climate antecedent’, ‘safety culture and overlaps
with risk management or safety performance’ (Guldenmund, 2000; Sorensen 2002; Hoffmann, 2003) much
more work is needed. Literature also suggests relationships of safety culture with ‘Resilience’ (Chevreau, 2006),
‘Organisational Citizenship Behavior’ (Organ, 2006) and ‘Stress’ (Fogarty, 2005).

Hollnagel (2006) puts a proactive safety management and a positive safety culture into perspective with
the resilient organisation. He suggests that the first step towards business resilience is to analyse, measure and
monitor the resilience of organisations in their operative environments. Resilience as the ability of an
organisation to cope with unexpected events and dangers and to bounce back after untoward events is influenced
by its way of managing safety and the overall safety culture of an organisation.
Organisational Citizenship Behavior (OCB) is a concept introduced by Organ (1988) as ‘individual
contributions that exceed the minimum role requirements of the job and improve organisational effectiveness.’
According to recent research OCBs have a number of important efficiency and effectiveness benefits for an
organisation and contribute to competitive advantage, although it is not formally rewarded by an organization
(Organ et al. 2006). It is therefore suggested that OCB should correlate with behavior related to safety and
safety culture. Creative and innovative actions in solving safety related issues for example increase individual
and team performance, coordination between teams and the ability to cope with change (Podsakoff et al., 2000).
Fogarty (2005) investigates psychological strain as mediator on the impact of safety climate on errors
in Aviation Maintenance. His findings support safety climate acting primarily on the psychological health of
individual workers and that psychological strain is a primary determinant of maintenance errors. Furthermore he
found that individual level variables, including safe behavior and general health, mediated the indirect effects of
the organizational variables. Stress, in particular, was an important mediator of both organizational and
environmental variables on the impact of safety climate on errors.
Scope and objective
This paper presents the results and recommendations following the pilot implementation of the
‘ready-to-go’ safety culture survey developed by the CANSO Safety Culture Working Group at a local
ANSP. In addition correlations with related concepts such as resilience, OCB as well as recovery and
stress are presented. Results will be used to develop a shorter and improved version of the survey
including these related concepts.

Method
The pilot study consisted of two data collection phases. The ‘safety culture maturity questionnaire’
(SCM-Q) was administered in December 2010 to 80 licensed (tower and approach) air traffic controllers
(ATCOs) in two ATM units, followed by voluntary ‘safety-related reconstruction interviews’ in association with
the previous shift in the same units in January 2011. Both questionnaire and interviews were run during working
hours in scheduled breaks ensuring enough time for the ATCOs to relax and that operational duties were not
interrupted. Eighty ATCOs were invited to complete the survey, while 25 ATCOs were randomly drawn for the
interviews. However, participation was voluntary and ATCOs on rostered non-operational office duty or night
shifts were exempted. In order to facilitate analysis interviews were recorded on digital voice recorders with the
permission of the participants.
Detailed descriptions of the CANSO components, the CANSO ‘ready-to-go’ survey and the complete
data analysis and results including full references are available in the final report upon request from the authors.
Measures
The CANSO ‘ready-to-go’ survey consisted of 40 questions using a four-point Likert scale (0 strongly
disagree to 3 strongly agree). Two original CANSO questions were split in two items and a couple of frequently
used terms were adapted to facilitate better understanding (e.g. the term ‘staff’ was replaced by ‘employees’).
One question on the general understanding of the term ‘just culture’ and an entry question were added. These
changes resulted in a total of 44 safety culture questions. In addition to the safety culture questions nine
questions from the ‘Resilience Instrument’ (Mallak, 2006) and nine questions from the ‘OCB Questionnaire’
(Organ et al., 2006) were selected based on their corrected item-total correlations. Finally seven questions on a
seven-point frequency scale (0 never to 6 always) were selected from the ‘Recovery-Stress-Questionnaire for
Athletes’ (Kellmann & Kallus 2001). The final version of the ‘Safety Culture Maturity Questionnaire’ (SCM-Q)
consisted of 69 questions with a total duration of approximately 12-15 minutes. In addition an information sheet
explaining the data collection process and the use of the six-digit personal code to ensure data confidentiality
was handed out. Upon the request of the organisation and to facilitate the translation process of the English
items for the survey participants, the entire questionnaire was also presented in the national language. However,

ATCOs were asked to complete the English version of the questionnaire and only refer to the questions in
national language for translation purposes, to allow future data comparisons with other CANSO member states.
In phase 2 safety-related reconstruction interviews based on the ‘Reconstruction Interview for the
Integrated Task Analysis (ITA) for Air Traffic Controllers’ (Kallus, Barbarino & VanDamme, 1998) associated
with the previous shift were used to assess qualitative aspects of safety culture maturity and to gain information
about safety-relevant concepts and behaviors in the organisation. In addition ATCOs were invited to rate safetyrelevant situations during their previous shift on the 50-point ‘Subjective Critical Situations’ (Kallus et al.,
2008) Scale (0=routine situation, 50=critical incident). The interview ended with questions relating to ‘adhering
to procedures’,’ team quality’ and ‘leadership commitment’, as well as two questions on feedback about the
previously administered questionnaire and the communication and implementation of the pilot study. The
interview took about 40-50 minutes. After the interview ATCOs were invited to find out about their individual
stress levels by providing saliva samples using ‘Salivettes® Cortisol’.
Sample
In total 50 out of 80 licensed tower and approach ATCOs (62.5%) returned the safety culture maturity
questionnaires. Twenty-five ATCOs were randomly assigned for the interview and 21 ATCOs agreed to
participate in the voluntary stress measurements. Table 2 provides an overview of the available sample.

Table 2
Sample of the Safety Culture Maturity Pilot Study.
De-identified ATM Units
A
B
TOTAL

Questionnaire
n=19
n=31
N=50

Interviews
n=11
n=14
N=25

Cortsiol
n=7
n=14
N=21

The majority of participants was in the 31-40 age group and had an average of 7-14 years of experience
as a licensed ATCO. More than half of the participants were supervisors and on the job instructors. Some of the
participants were also members of the ‘local safety committees’, the ‘local competence assessment’ teams or
were Critical Incident Stress Management (CISM) peers.
Analysis
The analysis followed a stepwise questionnaire development procedure, as outlined in Kallus (2010).
The data were subject to an examination of their internal consistency (reliability), principal component analysis
(PCA) including Varimax rotation and, Pearson’s correlation analyses using SPSS (Statistical Package for
Social Sciences) Version 17.0.

Results
The first step was a listwise exclusion of four items each with more than two missing values. This was
executed to keep the total sample size constant for further analyses. As more than 15 items were missing one or
two responses, the available sample was reduced 49 responses on 44 CANSO items.
In a second step a reliability analysis of the eight CANSO components was performed (see Table 1).
Components with a Cronbach’s Alpha (α ) higher than .70 were retained; components with items with corrected
item-total correlations (ri (T-i)) smaller than .30 were excluded and underwent further analysis. Low corrected
item-total correlations indicate that the concerned item is not measuring the same construct as the rest of the
items. Exclusion of those items generally increases the internal consistency of a component. Only component 7
‘Safety-Related Behavior’ reached the Cronbach’s α > .70 cut-off. As a result of high correlations between
scales ‘1.Informed Culture’ and ‘2. Reporting Culture’ (r=.563 p<.01) as well as ‘4. Learning Culture’ and ‘5.
Flexible Culture’ (r=.723 p<.01) were merged for a second analysis. Scales ‘6. Attitudes towards Safety’ and ‘8.
Risk Perception’ demonstrated very low internal consistencies having no items with ri (T-i)< .30. These scales
were therefore subject to further analysis.

A principal component analysis (PCA) was performed on all the items excluded from the earlier
analysis. The PCA grouped three items from the original ‘Just Culture’ component with four items from
different components. With these items a new ‘Just Culture’ component was constructed. Table 3 reports
reliabilities before and after item exclusions.
In the next step all items excluded on the basis of the earlier reliability analysis were correlated with all
the available components in CANSO scales 1-8. This suggested one item that was originally associated with
‘Flexible Culture’ to be moved to the new ‘Just Culture’ component and one original ‘Risk Perception’ item to
be placed into the new combined component 4+5. It was not possible to group the items previously excluded
based on their poor reliability into any of the proposed categories.
Table 3
Report on statistical Reliability of the revised eight CANSO Scales.
#
1
2
3
4
5
6
7
8

CANSO Component
Informed Culture
Reporting Culture
Just Culture
Learning Culture
Flexible Culture
Attitudes towards Safety
Safety-related Behavior
Risk Perception
Items excluded based on
poor reliabilities

No. of items
5
6
6
5
5
5
6
5
7

Initial Cronbach‘s α
.614
.676
.490
.577
.585
.158
.702
.294
.300

Final Cronbach’s α
.771
.757
.788
tbd
.702
tbd
tbd

Finally previously excluded items were correlated to components from related concepts such as
‘Resilience’, ‘OCB’ and ‘Recovery/ Stress’. Some significant correlations were found between five of these
items with the ‘Resilience’, the ‘OCB’ and the ‘Recovery/ Stress’ scale. When looking at correlations between
the CANSO components and related concepts the data showed significant correlations between ‘Just Culture’
and ‘Recovery’ (r=. 328 p<.05) and ‘Just Culture’ and ‘OCB’ (r=.406 p<.01). ‘Learning and Flexible Culture’
had some small correlations with ‘OCB’ (r=.294 p<.05). The results also indicated a negative relationship
between ‘Stress’ and ‘OCB’ (r=-.380 p<.01). Finally some small correlations between ‘Resilience’ and
‘Recovery’ (r=.308 p<.05) and ‘Resilience’ and ‘OCB’ (r=.343 p<.05) were identified.

Discussion and Outlook
The initial validation of the eight scales (table 3) developed by CANSO (2009) demonstrated
high reliabilities for component ‘7. Safety-related Behavior’ and the revised ‘3. Just Culture’
Component. Components ‘1. Informed Culture’ and ‘2. Reporting Culture’ and ‘4. Learning Culture’
and ‘5. Flexible Culture’ were merged together based on their inter-correlations suggesting that they
may be measuring the same underlying construct. The results also indicated that seven questions were
not reliably assessing safety culture and should therefore be removed from the ‘ready-to-go’ survey.
Components ‘6. Attitudes towards Safety’ and ‘8. Risk Perception’ did not reach the criterion level for
internal consistency. However, as current literature (Mearns & Flin, 1995, Mearns et al. 2009) suggests,
as these items are correlated with safety culture, it is recommended to retain them for further validation
in future developments of the instrument.
Next correlations between safety culture and related concepts were looked at. Data indicate
some significant correlations between the CANSO scales and ‘Resilience’ scales, following Hollnagel’s
(2006) concept of putting a positive safety culture into perspective with organizational resilience.
However, in contrast to earlier work, no significant correlations between CANSO component ‘7.
Safety-related Behavior’ and ‘OCB’ (Podsakoff et al., 2000) could be found. Moderate correlations
between ‘3. Just Culture’ and ‘7. Safety-related Behavior’ indicate that these scales might be interrelated, which explains the significant correlations found between ‘3. Just Culture’ and ‘OCB’. The
authors recommend reviewing the ‘OCB’ items used in terms of their reliability and amending these

items in the instrument. Further items in the new ‘3. Just Culture’ component should be subject to
another validation round. Fogarty (2005) demonstrated that ‘Stress’ is an important mediator of both
organizational and environmental variables on the impact of safety climate on errors. No significant
correlations between the CANSO safety culture components and ‘Stress’ could be found. One possible
explanation is that the safety culture components proposed by Fogarty significantly differ from the
CANSO components. Furthermore the study was undertaken in a different operational environment
(aviation maintenance as opposed to ATM). It is therefore recommended to perform a gap analysis
between the CANSO components and the components proposed by Fogarty and to look further into
replicating his findings.
Further validation of the CANSO ‘ready-to-go’ survey and related concepts is planned in the
course of the main study based on a larger sample size. The main study will also further investigate
correlations between safety culture and related concepts such as resilience, OCB and stress. In the
course of this research it is also planned to look into comparing results with other international ANSPs
aiming at a standardized approach in assessing safety culture maturity in ATM.
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